Background: The possible associations between adherence to the Mediterranean diet and micronutrient and energy intakes are unknown among Israeli adolescents. Methods: A cross-sectional, nationally representative, school-based study was conducted in Israeli adolescents. Schoolchildren (n = 5005), aged 11-18 years, who completed a food frequency questionnaire and had complete data to compose a 14-item modified KIDMED score were included. Results: The nutrient intakes for all the micronutrients showed a significant monotonic increase in the poor, average and good KIDMED groups (all P < 0.001). The same monotonic increasing was also shown in nutrient densities for most micronutrients (for calcium, magnesium, potassium, copper, vitamin A, vitamin E, vitamin C, thiamin, riboflavin, vitamin B 6 , folate in both genders, additionally for phosphorus in girls) (all P < 0.05). A positive association was shown between the percentages of students with adequate intakes (AIs) or recommended dietary allowances (RDAs) in micronutrients and modified KIDMED scores. The positive association also existed between the number of micronutrients with AIs or RDAs and modified KIDMED scores (r = 0.495 and 0.501, P < 0.001) for boys and girls, respectively. By contrast, dietary energy density (calibrated by 1000 kcal) was negatively linearly associated with modified KIDMED scores, and a significant monotonic decrease in energy density was shown among the poor, average and good KIDMED groups (all P < 0.001). Conclusions: The modified KIDMED score was positively associated with better micronutrient profile and negatively associated with dietary energy density in Israeli adolescents, indicating that the KIDMED index is a useful tool for combating the malnutrition of micronutrient deficiency and overweight/obesity.
Introduction
Undernourishment, micronutrient deficiency and overnutrition are considered as the triple burden of malnutrition (1) . In 2015, it was estimated that 795 million people were undernourished globally (2) , one-third to a half of the world population were affected by micronutrient deficiency (so-called 'hidden hunger') (3) , and the number of adults with overweight/obesity in 2014 was more than 1.9 billion (4) . The Mediterranean diet (MD), which is characterised by a high consumption of whole cereals, legumes, fresh fruits and vegetables, and olive oil, a moderate to high consumption of fish, a moderate consumption of dairy products, and a low consumption of red meat products, has been accepted as one of the healthiest dietary patterns in the world. Good adherence to the MD may be helpful in combating malnutrition of both micronutrient deficiency and over-nutrition.
As the only source of micronutrients (minerals and vitamins), the diet plays a central role in micronutrient intake (5) . Deficiencies in micronutrients, such as iron, iodine and vitamin A, can lead to severe adverse consequences. The components of the MD, including vegetables, fruits, nuts, legumes, whole cereals, etc., are rich in diverse minerals and vitamins, thus decreasing the risk of micronutrient deficiency.
In addition, a possible negative association between the MD adherence and overweight/obesity was suggested (6) . Better MD adherence could even mitigate the adverse consequences of obesity including cardiovascular disease (7) (8) (9) . Apart from health benefits, the MD reflects the common cultural and traditional heritage in Mediterranean countries (10) . However, a declining trend in the MD adherence is observed, particularly among the young (11) . Against this background, the 16-item KIDMED index has been developed and utilised for assessing the MD adherence in children and adolescents (11) . We assessed the MD adherence in Israeli adolescents using a modified 14-item KIDMED index (see Supporting information, Table S1 ) based on the MabatYouth Survey -the first Israeli National Youth Health and Nutrition Survey (12) (13) (14) . The prevalence of having poor KIDMED scores varied in different countries, ranging from 5% to 27%, depending on the different geographical location and age (11, (15) (16) (17) (18) . In Israeli adolescents, the prevalence of having poor KIDMED scores was 25.5% (12) . Given the possible association between the MD adherence and micronutrient status, some population studies have assessed the nutritional adequacy, particularly micronutrient adequacy, stratified by the MD adherence (19) (20) (21) . However, this work has not been conducted in an Israeli youth population. In addition, whether the MD adherence is associated with dietary energy intake, which relates to the global public health challenge of obesity, is also unknown in our population. Accordingly, the present study aimed to explore the possible association between the modified KIDMED scores and nutritional adequacy, particularly micronutrient adequacy in Israeli adolescents. In addition, we also explored the dietary energy intake by KIDMED scores, which may help to clarify the possible association between the MD adherence and overweight/obesity.
Materials and methods

Population and sampling
The study population, sampling method and data resources in the Mabat-Youth Survey have been described elsewhere (12) (13) (14) 22) . Briefly, the Mabat-Youth Survey is a cross-sectional, nationally representative, school-based study. A cluster sampling framework was used in the present study. Middle and high schools (7th-12th grades) were randomly selected from the Ministry of Education lists, ensuring representation of Israeli adolescents according to ethnic group (Jew, Arab), stream (state, state religious), school level (middle school: grades 7-9; high school: grades 10-12) and socio-economic status (SES). SES was defined by the welfare levels assigned by the Ministry of Education according to the support the school needed. Welfare levels 1-5 indicate a higher SES (less support needed), with level 1 comprising the highest SES; whereas levels 6-10 present a lower SES (more support needed), with level 10 comprising the lowest SES. Schools from the ultra orthodox sector, private or boarding schools were not included in the sampling (22) . The Ministry of Education guidelines permit school-based surveys among students with permission from their parents. Several days before the survey, school teachers introduced and explained the survey to potential participants in class, and asked the students to inquire as to their parents' willingness for their participation. Those students whose parents did not oppose, in writing, the participation of their children, were included in the survey and given the selfadministered questionnaire to complete.
In total, 6274 adolescents in grades 7-12, aged 11-18 years, finished the self-administered questionnaire, including food frequency questionnaire (FFQ), eating habits and lifestyle questionnaires. Anthropometric measurements including the height and weight were also performed. Among them, 5268 had complete data for the FFQ. The adherence rate for completion of the FFQ with respect to Jewish and Arab participants was 87.7% and 76.1%, respectively. Schoolchildren who were in middle school, and who were from lower SES (level 6-10) backgrounds, had a higher rate of not finishing the FFQ.
Dietary assessment
All of the 6274 participants were provided a self-administered FFQ and other related questionnaires. The time of the survey in different schools was designed to cross through the year to cover the full year, aiming to minimise the influence of seasonal variation to dietary assessments. A preliminary version of FFQ was tested in both Jewish and Arab sectors. After necessary modifications, a semi-quantified 95-item FFQ, containing both Jewish and Arab foods, was used in the final questionnaire for all participants.
Among the 5268 adolescents who completed a FFQ, 578 subjects were also interviewed using a 24-h food recall on weekdays. A similar methodology has been employed in previous research (23) . The energy/nutrient intake data derived from the FFQ were calibrated with the data from the 24-h food recall. An overall 30% overreporting of nutrient intake was found in the FFQs.
The portion weights used in the FFQs were assigned by investigators according to previous experience and were explained in detail to the participants before dietary assessment.
Modified KIDMED score
The KIDMED index is a 16-item index to measure the adherence to the MD among children and adolescents (11) . Based on the data availability in FFQs and eating behaviour questionnaires in the Mabat-Youth study, a 14-item modified KIDMED index, without information on nuts consumption and olive oil usage at home, was utilised for quantitatively measuring MD adherence in the Mabat-Youth Study (see Supporting information, Table S1 ) (12) . Altogether, 5005 participants had complete data to compose a 14-item KIDMED score. These 5005 participants were finally included in the present analysis. Three KIDMED groups were categorised by modified14-item KIDMED scores: (i) ≥7, good; (ii) 3-6, average; and (iii) ≤2, poor (12) . The reasons for defining the cut-off points in the modified KIDMED scores have been described before (12) .
Energy and nutrient intakes
Daily energy and nutrient intakes were calculated at the individual level according to the FFQs. Food items with reported frequency less than once per week were ignored in the calculation. Energy and nutrient data for food items were derived from the Israeli food composition database. An overall 30% over-reporting in energy and nutrient intake were found in the FFQs when calibrated with 24-h food recall. However, we do not consider it is reasonable to apply a population-based calibration to individual data. Therefore, the calibration was not used when calculating individual energy and nutrient intakes. That means the energy and nutrient intakes reported in the present study might be higher compared to the real condition.
Energy density and nutrient density
Energy density was calculated using two different models. One was defined as energy intake per gram of solid or semi-solid food and caloric beverages. The other was defined as energy from per gram of solid or semi-solid food only. The former included all the solid or semi-solid food and caloric beverages, excluding water, tea, coffee and artificially sweetened soft drinks (24) . The latter included only solid and semi-solid food, excluding any beverages (milk, juice, cola, soft drinks, beer, wine, tea, coffee and water) and soup (25, 26) . Nutrient density was defined as nutrient intake per 1000 kcal energy intake from all the food and beverages.
Adolescents with adequate intakes or recommended dietary allowances in micronutrients
The values for adequate intakes (AIs) or recommended dietary allowances (RDAs) were derived from the dietary guidelines for Israeli adolescents, which were based on the values from the USA Institute of Medicine (27) , with minor modifications. We mainly counted micronutrients, including calcium, iron, magnesium, phosphorus, potassium, zinc, copper, vitamin A, vitamin E, vitamin C, thiamin, riboflavin, niacin, vitamin B 6 , vitamin B 12 and folate. Because, for sodium, over-intake rather than inadequate intake was more of a concern, the AI of sodium was not assessed. Dietary fibre, in the category of macronutrients, was also assessed. Altogether seventeen nutrients were assessed by adequacy. The gender-and age-specific AIs or RDAs are listed in the Supporting information (Table S2) .
For each nutrient, the percentage of adolescents with an AI or a RDA, and for each person, the number of nutrients with AIs or RDAs was compared among KIDMED groups.
Statistical analysis
All statistical analyses were performed using SPSS, version 20.0 (IBM Corp., Armon, NY, USA). Continuous data are presented as the mean (SD) or median (interquartile range, Q1-Q3) according to the data distribution. The chi-squared test was used to compare the proportions of independent samples. The t-test or one-way analysis of variance (ANOVA) was used to compare continuous variables that were normally distributed. When one-way ANOVA showed significance among groups, Bonferroni correction was used for multiple post-hoc comparisons between groups. A Kruskal-Wallis test was used to compare energy and nutrient intakes among KIDMED groups and a post-hoc comparison was conducted using the Dunn-Bonferroni approach. Spearman correlation analysis was utilised to assess the bivariate correlations in which the data were not normally distributed.
Results
Among the 5005 schoolchildren between 11-18 years old, 43.2% (n = 2162) were boys and 56.8% (n = 2843) were girls; 75.1% (n = 3758) were Jews and 24.9% (n = 1247) were Arabs; 25.5% (n = 1276) had poor, 55.2% (n = 2761) had average, and 19.3% (n = 968) had good adherence to the MD. The mean (SD) of the KIDMED scores among participants was 4.26 (2.40) . KIDMED scores by gender and ethnicity have been reported in previous research (12) . The baseline characteristics and KIDMED categories of the studied population are shown in Table 1 .
Energy intakes by KIDMED category
A significant monotonic increase in total energy intake was shown in the poor, average and good KIDMED groups in both boys and girls, with significant differences among and between groups (all P < 0.001). The trend of energy density among KIDMED groups, using two different models, was reversed compared to the trend of total energy intake, showing a significant monotonic decrease in the poor, average and good KIDMED groups (P < 0.001) ( Table 2) . Moreover, Spearman correlation analysis showed a negative correlation between KIDMED scores and energy density using both models (all P < 0.01). In model 1 with solid or semi-solid food and caloric beverages, the Spearman correlation coefficients were À0.192 and À0.221 in boys and girls, respectively; whereas, in model 2, with solid or semi-solid food only, the coefficients were À0.405 and À0.367 in boys and girls, respectively (all P < 0.01).
Nutrient intakes by KIDMED category
Similar to the trend of total energy intake, for all the micronutrients and fibre intakes in Table 3 , a significant monotonic increase in the poor, average and good KIDMED groups was also demonstrated (all P < 0.001) ( Table 3) . Arab boys and 700 Arab girls. Data on SES were from 4989 participants, and on mother's education from 3978 subjects. *P < 0.05, **P < 0.01, ***P < 0.001.
Regarding the nutrient density (adjusted by 1000 kcal) of micronutrients and dietary fibre, for the majority of micronutrients (calcium, magnesium, potassium, copper, vitamin A, vitamin E, vitamin C, thiamin, riboflavin, vitamin B 6 , folate in both genders, additionally for phosphorus in girls) and fibre, the nutrient densities also demonstrated a significant monotonic increased pattern in the poor, average and good KIDMED groups (all P < 0.01) (see Supporting information, Table S3 ).
Percentages of students with adequate intakes or recommended dietary allowances in micronutrients and fibre by KIDMED category Spider diagrams were used to present the percentages of students with AIs or RDAs for sixteen micronutrients and dietary fibre, altogether seventeen nutrients (Fig. 1) . Because, for sodium, the over-intake, rather than inadequacy, was a common nutritional issue, the data for sodium were not listed here. The detailed data were shown in the Supporting information (Table S4) . Figure 1a shows the overall percentages of boys and girls with AIs or RDAs in included nutrients. The nutrient profile patterns were highly consistent between both genders. Four nutrients were inadequate in more than 50% of participants, both boys and girls. These were calcium, potassium, dietary fibre and vitamin E. Vitamin A in boys (38.6% with RDAs) and folate in girls (42.6% with RDAs) were also highly deficient.
Figures 1b,c show the percentages of participants with AIs or RDAs in each nutrient by KIDMED groups in boys and girls, respectively. In both genders, the percentages demonstrated a significant monotonic increase in the poor, average and good KIDMED groups in all the seventeen nutrients (all P < 0.01). The nutrients, where the percentage difference between the poor and good KIDMED groups were more than 50%, were dietary fibre, magnesium, potassium, vitamin A and folate in both genders and, additionally, phosphorus, zinc and thiamin for girls only.
Of note, certain nutrients were severely deficient in the poor KIDMED group, with <20% students having AIs or RDAs. Three nutrients (i.e. dietary fibre, calcium and potassium) were among the nutrients with severe deficiency for both genders. Additionally, in girls, with respect to two nutrients (i.e. vitamin E and folate), <20% of participants with poor KIDMED scores reached RDAs.
Number of nutrients with adequate intakes or recommended dietary allowances by KIDMED groups
In both genders, the number of nutrients with AIs or RDAs was positively associated with KIDMED scores (both P < 0.001). In boys, the median numbers of nutrients with AIs or RDAs among the poor, moderate and good KIDMED groups were 8, 13 and 16, respectively; whereas, in girls, the numbers were 6, 12 and 16, respectively (see Supporting information, Figure S1 ). The Spearman correlation coefficient between the modified KIDMED score and the number of nutrients with AIs or RDAs were 0.495 and 0.501 in boys and girls, respectively (both P < 0.001).
Discussion
In the present study, we show that the modified KIDMED index was a validated tool for assessing and comparing micronutrient status among Israeli adolescents. In addition, the suggested lower energy density but higher nutrient density of the MD in the present study provided added value to the health benefits of the MD, which may be a possible solution to the prevailing global public health challenge of being overweight and obesity.
Overall nutritional status of Israeli adolescents
From the MabatYouth Survey, it can be seen that Israeli adolescents are confronted with two components of the triple burden of malnutrition, namely micronutrient deficiency and over-nutrition.
Micronutrient deficiency, particularly of calcium, potassium, vitamin A, vitamin E and folate, was common (only less than or around half of students had an AI or a RDA) in our population (Fig. 1a) . Compared with other Mediterranean countries in which micronutrients were also assessed based on dietary surveys (e.g. Spain), the micronutrient profiles in Israeli schoolchildren were less favourable, although the AIs or RDAs of micronutrients were assessed using different approaches (20) . Of note, the nutrient data derived from the FFQ are usually higher compared to data from 24-h food recalls. In our dataset, it has been shown that there is an overall 30% overreporting on nutrient intakes calibrated with 24-h food recall. That means the actual micronutrient intakes among participants were lower than the data reported in the present study. Therefore, the real condition of micronutrient deficiency may be even worse.
Apart from micronutrient deficiency, another nutrition issue in our population was overweight/obesity. In our previous study based on the same dataset, the prevalence of being overweight in Israeli adolescents was shown to be 12-15%, and the prevalence of obesity was 4-9%, depending on gender and ethnicity (22) . In the present study, the medians of total energy intakes (Table 2) were shown to be far above the gender-and age-specific estimated energy level needed according to the dietary guidelines (27) , which may help explain the presented Table 2 , food refers to solid or semi-solid food, excluding beverages. For liquids, we used the term 'beverage'. In model 1, energy intake and weight were calculated based on all food and caloric beverages, excluding water, tea, coffee and artificially sweetened soft drink. In model 2, energy intake and food weight were calculated based on solid or semi-solid food only, excluding any beverages (milk, juice, cola, soft drinks, beer, wine, tea, coffee and water) and soup. Energy density was calculated by energy intake (kcal) divided by weight of food (and beverages) (g). *P < 0.001. P-values in the table were derived from the Kruskal-Wallis test.
P < 0.001 for all of the post-hoc comparisons. <0.001*** prevalence of overweight and obesity in our population. The Israeli prevalence of obesity in adolescents, which was derived from the survey more than 10 years ago, was lower than that in American children and adolescents (around 20% obesity) (28, 29) . However, from the global increased trend of overweight and obesity in adults (4, 30) , children and adolescents (31) , the current prevalence of overweight and obesity in Israeli adolescents is probably higher than indicated by the data from the MabatYouth Survey. This has been confirmed by the updated prevalence of obesity in Israeli adolescents, which ranged from 6% (upper school girls) to 15% (inter-mediate school boys) (32) .
Nutritional adequacy by KIDMED category
The positive association between modified KIDMED scores and better micronutrient adequacy was supported by the higher absolute values of micronutrient intakes (Table 3) and the higher percentages of students with AIs or RDAs of micronutrients in the good KIDMED group (Figs. 1b,c) . This was, to a large extent, consistent with other studies regarding the MD adherence and nutritional adequacy, in both children (20) and adults (19) , although the analysis approaches were not exactly the same in all the studies. In a study by Serra-Majem et al. (20) , KIDMED scores were associated with decreased percentages of inadequate intakes for calcium, magnesium, vitamin B 6 and vitamin C in both genders, as well as iron and vitamin A only in females; whereas, in our data, similar associations existed for almost all the micronutrients for both genders (Figs. 1b,c) . Even when the micronutrient intakes were adjusted by total energy intakes, the MD adherence was also positively associated with better nutritional profiles (19) . This was also supported by our data, shown as the positive association between micronutrient density and the modified KIDMED score (see Supporting information, Table S3 ).
Apart from assessing and comparing individual nutrient items, KIDMED scores could also assess the overall nutrient adequacy of participants in our population. In the present study, students with good KIDMED scores had significantly more nutrients with AIs or RDAs. More than 50% of students (both boys and girls) with good KIDMED scores had AIs or RDAs of sixteen out of seventeen nutrients, whereas, in the poor KIDMED group, more than 50% of students had AIs or RDAs in only six to eight nutrients (see Supporting information, Figure S1 ). This result was consistent with the data from the Seguimiento Universidad de Navarra (SUN) cohort in Spain, in which the number of nutrients with AIs or RDAs was positively associated with the Mediterranean dietary pattern, and negatively associated with a Western dietary pattern (19) . From the perspective of public health nutrition policy, for nutrients in which students in the good KIDMED group had high rates of AIs or RDAs (e.g. zinc, vitamin C, vitamin B family), health promotion programmes targeting good MD adherence should be developed to combat the malnutrition of micronutrient deficiency; however, for nutrients in which the overall percentages of AIs or RDAs were low (e.g. calcium, potassium, vitamin A, vitamin E, folate), apart from the health promotion programmes, the necessity and safety of fortification could be assessed carefully, in order to achieve the optimal nutritional status of the population.
Energy density by KIDMED category
Our data showed a negative association between modified KIDMED scores and energy density, as a result of comparing energy densities among KIDMED groups (Table 2 ) and the negative Spearman correlation between these two variables (P < 0.001). We did not find other studies regarding the association between KIDMED scores and energy density; however, analysis of the British National Nutrition Survey demonstrated a similar negative association when the Mediterranean diet score and the Healthy Diet Indicator were utilised to assess the dietary quality in adults (26) and children (25) . Combining the results, the MD adherence, measured by the KIDMED index or the Mediterranean diet score, was associated with lower energy density. This might be another important health benefit of the MD when overweight/obesity is a global public health challenge (30, 33, 34) . Even though no clear association between the MD adherence and overweight/obesity was shown in children (12, (35) (36) (37) (38) (39) or adults (6) , promoting foods with low energy density but rich in nutrients is still an important way to combat the public health issue of overweight/obesity (40) . In the era of over-nutrition, restricting energy intake at the same time as ensuring nutrient adequacy may create a dilemma. Intake of a diverse variety of healthy foods, rich in minerals, vitamins and fibre, with smaller portion sizes, is one of the solutions to that dilemma (41) .
Limitations of the present study
There are some limitations in the present study. First, the nutrient adequacy was assessed using an a priori approach, based on the dietary data from the FFQs. However, an a posteriori approach, by assessing with biomedical markers, is usually considered to give more valid measures of nutritional status and adequacy. This limitation is a result of the nature of the study -the school-based study, in which blood collection and other biomarkers measurement were not included from an ethical and practical viewpoint. Second, the same data source (FFQs) for the modified KIDMED scores and energy/nutrient assessment may generate systematic errors. Indeed, nutrient data from the FFQs were calibrated by 24-h food recalls in 578 participants in the MabatYouth Survey. The degree of over-reporting was considered to be approximately 30%. Nevertheless, we do not think it is proper to apply a population based regression coefficient to individual-level data. Therefore, the calibration was not used. Additionally, we have to accept that the nutrient and energy data reported in the present study from FFQs may be higher than those achieved in reality, which means that the magnitude of micronutrient deficiency was probably larger than the data reported here. However, the association between the modified KIDMED score and micronutrient intake/density is still heading in the same direction. Third, the present study did not differentiate over-reporters, appropriate reporters and under-reporters according to the gender, age and physical activity, which is a common way to correct reporting bias in dietary surveys (25, 26, 42) . However, in the MabatYouth Survey, the data collected from the field survey, which were considered inappropriate based on the data distribution, were not included in the analysis. Lastly, drawbacks relating the KIDMED index and the MabatYouth Survey mentioned in the previous study (12) (i.e. FFQ not specifically developed for KIDMED score, different rates of completing FFQ between Jews and Arabs; self-administered feature of the MabatYouth Survey; unavailability of data on nut consumption in FFQ) also existed in the present study.
In conclusion, the modified KIDMED score was positively associated with better micronutrient profiles in Israeli adolescents, indicating that the modified KIDMED index was a validated tool for assessing and comparing micronutrient adequacy in our population. In addition, the lower energy density in good KIDMED group demonstrated the potential application of the MD with respect to combating overweight/obesity.
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